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COMPLETE SPECIFICATION 
Gear Lubricant Improving Agents 

ally accompany high pressures 



We, The Ldbhizoi. Corpora*! 
Euclid Station, Cleveland 17, Ohio, 
States of America, a corporation duly 

feed and existing under the laws of t 

of Ohio, United States of America, do hereby 
declare the invention, for which we pray that 
s patent may be granted to us, and the method 
by which it is to be perfonned, to be particu- 
larly described in and by the following state- 

The present invention relates to composi- 
tions intended for use as lubricants for rela- 
tively moving metal surfaces. More particu- 
larly, it relates to compositions intended for 
use as, car for the confounding of, rabrkants 
for the gears of automotive vehicles. 
The problems of lubricating automotive 
j became increasingly acute during me 
t of the decade 1920—1930, when 
> replace spiral bevel 
g in the roar axles of 



Latter 



of the center of 



For reasons i 
gears permit the 
gravity and the overall 
Coupled with these desirable features, how- 
ever, were many new lubrication 

It web found that hypoid | 

bevel gears, could not be 
tnrily with ordinary mineral oils. The great 



metal surfaces in 



ing in metitl-to-metal contact under extremely 
35 high pressures and subsequent deformation 
and destruction of the gear surfaces, 

Early workers in the lubricant art discov- 
ered mat destructive metal-tc-metal contact in 
hypoid gear systems could be avoided by the 
40 addition of certain ml-soluble chefflrcnl com- 
positions to the mineral oil lubricant. These 
compositions, which were predominantly 
organic in nature but contained one or more 
inorganic elements such as sulfur, chlorine, 
45 and heavy metal in chemical combination, 
were believed to react with the gear surfaces 
under the elevated temperatures which gener- 
IFric* to.Sd.] 



Smss or layers of compounds such as iron sul- 
fide and iron chloride on the gear surfaces. 
Such films acted as sepaxatantg and lubricants 
the gear surfaces, thereby preventing 



In 1945 two foll-scafc gear rabricant per- 
formance testg were promulgated by the 55 
Ordnance Department of the U.S. Army; viz., 
Specification AXS-1569, " Test Procedure For 
Detenroning The Load-Carrying Characteris- 
tics of Universal Gear Lubricants Under 1 Con- 
ditions Of High Speed,*' and Specification 60 
AXS-1570, " Procedure For Determining The 
Load-Carrying, Wear, Stability, And Corrosion 
Characteristics of Universal Gear Lubricants 
Under Conditions Of High Torque And Low 
Speed." Although there two tests werectigin- 65 
ally intended to aid the gove rnm ent and, more 
particularly, the armed service branches, in 
purchasing gear lubricants, they were eventually 
adopted by the petroleum' industry at large 
as criteria for the selection and purchase of 70 
gear lubricants destined for the civilian mar- 
ket For a number of years these tests satis- 
fied the need for tests of good reproducibility 
which would strmik r e in the laboratory, inso- 
far as possible, service conditions encountered 75 
hi actual use of all types of automotive equip- 
However, within recent years, the sharp in- 
ward trend of engine horsepower has placed 
increasingly severe demands upon the hypoid 80 
gears which ultimately transmit the engine 
power to the drive wheels. These demands arc 
not met with a satisfactory margin of safety 
by currently available gear lubricants which 
will pass one or both of the Ordnance Depart- 85 



From an engineering standpoint, fhp new 
service requirement encountered is principally 
one of greatly increased pressures or loads, par- 
ticularly those of a sudden or " shock " nature, 
upon the gear teeth. Since the metattorg 
physical size of the gear has not been a 



rVica 27- 



fries 7% ■ 



.die heightened severity of operating coodi- 
. tiona "if it is to prevent gear failures. This, 
need for a more sab^factory lubricant is par> 
ticuktly critical during the initial " breafc&i " . 
period of a vehicle, for'it ia then "that the? gears 
are most stisceptible to deformation. 
. As more or less a stop-gap measure,, marm- 
.of automotive equijpjncnt have 



_ such mbrieants have been shown to be 
of little or no value in protecting the- gears 
under service conditions including high torque 
and low speed. 
IS Th e problem of providing a gear lubricant • 
which will lubricate hypoid gears in a chang- 
ing operating environment wherein shock 
'load, high' speed* and high torque demands are 
jnade both cyclically and in sequencer on die 
20 lubricant ia a -very difficnk one. The difficulty 
Btems principally from the fact, well known, to 
workers in the lub ricant art, that materials 
which help, the lubricant (perform its task 
under one set of operating amd&ons, aay 
25 shock loading at high speeds, generally reduce 
or, iri some nistances, even- nullify the effect of 
materials added toimpxFve me performance of 
the" lubricant under a differem set of operating 
conditions; e.g., high torque loading at rela- 
3D riray. lower "speeds. 

By Meetings, critical balance between the 
■• ptopottions.'cf materials' known to be effective 



. under (a) high speed operating conditions, and 
<b) high torque relatively lower meed — 

35 ing conditions, prior workers in the h 

art have been able to produce lubricants which 

Ordnance high speed and high torque pov 



40 All of such carefully balanced or "com- 
promise" lubricants have not proved amen- 
able to modification, however, so as to enable 
them to withstand both severe shock loads at 
high speeds and high torque loads at relatively 
45 tower speeds. The addition thereto of mater- 
. ials known to be effective under shock load 
conditions upaets the carefully balanced 
- lubri can t and renders it substantially less effee 
.■ tive_ in -a high torque-low speed operating 

-It has now been discovered that lubricants 
which contain certain critical proportions of 
■botb."(a) an oil-sclubte phosphorodfclubic acid 
diester -derivative of the type described below, 
55 and (Jo) an oil-soluble organic polysulfide of' 
the type described below perform very satis- 
factorily in the hypoH gear-systems, of modern, 
high-poured- automotive equipment^ under 

60 shock load, high speed,, and high torque de- 
mands. • • 

In accordance with- the | 
there is provide ' 
(A) an oil-Boluble derivative of a 
"65 phorodithioic acid dicster selected from phoe- 



phexodithiofc acid triestera, metal salts-' of 
fhjosphoroHtMoic add diesters, bisGphosphoro- , . 
dhhioic acid) tetraesters, and; phosphoro- ./ 
dithioic add diestex diioajmydridesj and 

(B) an ofl-sohihlo turpentine or di-(aralkyi) 70 
polysulfide each mofecole of which has at least 
one sulfur atom bonded only" by secondary " . 
valency bonds} 

■ components A and B being ipresent in rela- 
tive proportions such that a solution contain- - 75 
ing from 3.5 to 15 weight per cent of a mix- ; 
tore" of the twd corrponents contains . - 

from 0.20 to 0.75, preferably 0.3 to 0.5,. 
Weight percent of phcaphoruBj and 

ffi) from 0.25 to 1.0, preferably 0.5 to 0.9, 8<h 
weight per cent of chemically combined sulfur 
bonded only by secondary valency bonds. .The- 
relative proportion of r&osphorcs to sulfur . ' 
which is bonded only by secondary valency " „ 
bonds will preferably be within the range <jf 85 
from about 1:1 to about 1:2, Gmpohent 
A may - desfcaMy be a phosphorcdithoic add : 
triester m whkh one of the ester radicals con- 
tains an inorganic substituent. This radical 
may be, for example, an aliphatic radical and 90 
the inorganic substituent may be hydroxy. 

In addition to the two characterizing com- ' 
ponents A and "B, the lubricant improving 
agent and lubricants compounded from h may - 
also contain, if desired, auxiliary miprovmg.. 95 
agents' such as, for example, rust inhibitors, " 
oiiineBS agents, and viscosity index improvers. 
The presence of these , and other auxiliary ■ 
agents, however desirable they may be- for 
their contribution to the qualities ot the fin- 100 
ished Jtobricant, is not required to prevent gear 
deformation under severe operating conditions. . '" 
Component A* 
The OilrSoluble Suf«thuted;Pbosphciro- 
drtfubic Add Omtahdhg An Organic 105 



Materials useful as this component 
derivatives of phospbcjodithiolc aod cli-e 
and may be denned by the foffowir^'foim 



A 



where Ba and are the same or different 
organic radicals and X is the hydrogen equiva- 
lent of a radical or atom capable of chemically 
replacing the acidic hydrogen atom of the 
ph(5BphOT«bthiaic add di-ester" and is selected 115 
from the class consisting of organic radicals 
and metal atoms. ' 

In the formula given above for Component - 
A, R x and R, are the same or different 
aromatic, aliphatic, or cycloahphatic radical^ 120 
which radicals may be. hydrocarbon m-nature 
or contain substituems such at 
bromo, fluoro, nitro, alkoxy, t 
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carboalkoxy. Rj and Ra are usually hydro- 
carbon radicals such as; eg,, aryl, alkaryl, 
araikyl, cycloaByl, and straight- or hraached- 
chain alkyl radicals. They are preferably 
alkyl radicals containing from 1 to about 40 
carbon atoms auch as; e.g., methyl, ethyl, n- 
propyl Isopropyl, n-butyi, sec-bntyl, rt-amyi, 
Isoamyl, n-hexyl, 4-mediyV2~pentyl, n-octy£ 
capiyi, iwionyl, 3,5,5-trimethyl-heryl, dcdecyli 
hcxadecyl, eicosyl, txicosyij and alkyl radicals 
or from about 20 to 40 carbon atoms derived 
from petroleum waxes. 

As indicated earlier, R, and R, may be 
different. A particularly valuable class of 
phosphwoc5tniojc acid di-estera useful as 
starting materials for tiie preparation, of Com- 
ponent A are those in which (l)Ra sad R, are 
different alkyl radicals, one containing at least 
6 carbon atoms and the other -— — ■"— 1 — 



and metal. Among the i 
aliphatic radicals most suitable as K are (1) 
* instituted aliphatic radicals, and (2) 
: radicals containing at least two differ- 
ent inorganic dements such as; cg.j phos- 
phono-and-sulfur-substittttied fltyia ^c radicals 



20 than 6 carbon atoms; or (2) at - 

ent pbosphorodithioic acid di-esters are 
sentj R, and R, of one add being alkyl rac 
of at least € carbon atoms each and R, andR, 
of s second acid being alkyl radicals of less 

25 than 6 carbon atoms each. 

Xj as indicated above, is a radical or atom 
capable of chemically replacing the acid 
hydrogen atom of the phosphotodithioic add 
di-ester and selected from the class consisting 

30 of organic radicals and metal atoms. By the 
latter statement it is not meant to infer that 
all organic radicals and/or metal atoms are 
folly equivalent for the purposes of this inven- 
tion, since some arc preferred over others for 

Where X is an organic radical, it is prefer- 
ably an organic radical containing at least one 
inorganic dement or substituent. More par- 
ticolathr, it is an aromatic or aliphatic radical 
40 and preferably an aliphatic radical containing 
at least one inorganic dement such as; &g., 
oxygen, sulfur, phosphon 



radicals. 

In this group of inorganic substituted ali- 
phatic radicals most suitable as X, a preference 
exists for nuraohydroKyalkyl radicals and the 
anionic radicals of pAosphorcKUtMoic add di- 




. -butyl, 1 

di - (4 - methyl-2-pentyl, 

add, the anionic radical of dHmcthyl-cydo- 65 
t.„_i\ j^ospaoroditiiioic add, carbxnethoxy- 



cthyl, epoxypropyl, 2,4nimydroxybuty] 3 cl_ . 
asymethyl, zinc carbaxymedryl, and Jead- 
carbcxyetbyl. 70 

When X is a metal atom, the metal is usually 
polyvalent and preferably a heavy metal of 
atomic weight greater than SO such asj e.g., 
zinc, cadmium, baitam, strontium, lead, or tin, 
with a particular preference for ant It is 75 
to be understood that in the case of an atom 
of a polyvalent metal which atoms contain two . 
or more equivalents of metal, the additional 
valence bonds of the metal -will extend s&mV 
larty to anions of the phosphoiodithioic add 80 
di-ester. Thus, for example & zinc salt of a 
phosphcrodithtoic acid di-ester can be repre- 
sented by either of the structure? below: - 



\ 



85 wherdn — and Za represent, reapectively, 
t and two hydrogen 



equlva 
zinc 

Specific examples of materials useful as 
Component A are as follows, which examples 
90 are- presented for purposes of illustration only 
and are not to be construed as limiting the 
s of the invention: 

" hioic add tri-esters such as, 



95 



Diethyl 2-chloroethyl phwphorodithioate 



Dj-iscprqpyl 2-hydrasyprqpyl phosphoro- 

Di-^pro^l 3-hydxaxypropyl pboapharo- 

Di-Beo-bntyl 2-mercaptoprcpyI phos- 100 

phorodithioate 
Di-a-pentyl 4-rdtroburyl phospharodi- 

lentyl) Z-bydxoaypropyl 

105 

ft) 3-hydiuxyprcpyl 
heptyllphospharodithioate 




Di-n-hesyl capxyt' 
■Di-noi^l hydroxye 



DWauiyl 3-hydroxybirtyI phosphoio- 




' DW4vn^yl-2.^pentyl) 2-<7anoethyl 

phoapharoditraoate 
. Di-^4-€ncthyi-2-pen"tyl) 2-methyt-4-oxo- 

• 2^entyl phosphonsdithioatc 
" Di^tm-burylphenyl) 2^hydttrey-etityl 

phoaphorodidiioBte .. 
~ Di-(4 - tert - amyl - phenyl) 3 - hydroxy- 

Di-benzyi 2-mercaptoethyr phoE^liorctii- 
• thioafe " 

Di-(2^pheiifiihyl) ' irichloromethyl phos- 

phoiodithbate 
"W2-ediyJ ' - 




5 such as, eg., bis- 
(di-al% pficBphorodimioates): 

Bis- f djr(4-msth^.-2-pcntyl) phosphorodb- 
throate] 



raj 

PhosptaotMfl&ioic acid . 
Mes such as J e.g. : 

- - Trdoarflrydrlde of di-n-butyl \ 

'- . dithuwcadd 

Metal salts of phosspfiorodithKilc add di- 
eaters 6ach as e-g - . : . 

Zinc #-(4-me%l-2-pentyl) phospharodi- 

2nc di-organo |Aoephonxiithioatc made 




I 4-methyI-2-pentyl phos- 50 
. .ire -. . 
-. Zinc . di-(3,^twi^yl-ie!^yl) phosr 



: Zinc h-butyl 4-m£tiiyl-2^pciityl jphos- 
. .prwr^dfrMoate 55 
Zinc di-lauryl phoaphorodithioote 
Zinc di-£tert-octyi-phenyi) phoephcrodi- 



Barium "di-lauryl phosjpbocod&h&nte. 

From the foregoing it will be noted that 
materials of particular utility as Connwiifint A ■ 
are derivatives of phoaphorodtoioic add di- 
estm selected from the class consisting of tri- 
esters, metal salts, and Ws-pho^hwodfidoates 
thereof,- Of tfcis group, a preference exists for 
flie zinc salts of phosphcrciditnioic add di-< 
esters, with a special preference! for zinc sails 
of cH-aikyi esters of phosphorodititioic add? An 
eminently suitable group of such zinc sails of 
dwdfcyl esters of pibsphorodithioic acid are 
those in the molecular structure of which there 
is present a substantial proportion of each of 
(a> alkyT radicals containing at least 6 carbon 
atoms, and' (b) aftyl radicals ccxrtantittg less 
than 6 carbon atoms. 

The preparation of compounds useful ay 
Component A is well-known in the art In 
most instances, the starting material will be a 
phoanhorouithidc acid dteater produced by 
the reaction' of an organic Irydrosy body with - 
phosphorus penta sulfide according to the fbl> 
lowing equation, in which R representa an ali- 
phatic, cycIoaHphatic, or aromatic subsdment 
preferably alfcyl (particularly lower altyl) or ■ 
aryl: 



90 . Prom the phoaphorodithidc acid di-ester 
may then be derived by known processes the 
Component A of the-present invention. In 
the interest of not unduly fcmgrtigning the pre- 
sent specification, reference may be r ptw T* to 

95 thV following tl.S. Patents . wHch. disclose 
methods for the preparation of materials useful 
as Component A: 

1,889,943; 1,949,629; 2,063.629; 2,19^915; 
2,261,047s 2,266^X4; 2,329,436; 2,342,572; 

100 2,343,2135 2^43,831;. 2,344,392; 2,344,393; 
2^44,395; 2,347^92i 2^65,938; 2^68,000; 
2,372^58; 2,494,126; 2,494,283; 2,494,284; 
2,528,732; ^529^04; 2,540,084? 2^61,773; 



2,565,920; 2^78,652; 2^86,655; 

Component B: 
The Oil-Soluble Turpentine or Di-aralkyl 
- Pplysulfide having af least one Sulfur 
. Atom bonded only by Secondary Val- 110 
, ence Bonds. 
In these disulfides, the tmpentineor aralkyl 
radicals may be hydrocarbon, in nature or con- 
tain substitucnts such' as, e.g.. chToro-, fluorov 
bromo,alkoxy,carboail^ 115 
bydroxyl. In most instances they are-hydroi 
carbon radicals but for some uses the presence 



^657; 105 
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of organic or inorganic euhstiments is desir- 
able The radicals may be, for example, 
benzyl, cblorobenzyL. or dkhlorobenzyl. Other 
chlanne-subfitiruted benzyl radicals arc bIbo 

5 suitable, the position of lie svtatituent or sub- 
srituents being immaterial. The sulfide part 
of the molecule contains at least 2 and gener- 
ally not more than 7 sulfur atoms. More desir- 
ably it contains at least 3 and not more than 

10 6, preferably at least 4 and not more than 5, 
sulfur atoms. In certain instances, as in the 
case of mixed organic potysulfidcs, the number 
may be non-integral such as 3.3 or 4.6. For 
fTBrrylCj an cqinmoJar mixture of an organic 

15 tetrasulfide and an organic trisolfide wild 
provide an average number of 3.5 sulfur atoms 
in the molecule. 

By the phrase " sulfur atom bonded only 
by secondary valency bonds " vre mean a sul- 

20 fur atom which is bonded only to one or more 
sulfur atoms in the polysulfide molecule and is 
thus devoid of valency bonds extending to the 
organic radicals in the polysulfide molecule. 
The exact nature of such secondary valency 

25 bonds is not clearly understood, but it is 
known mat they are much weaker than the 
coval ent bond which exists between a sulfur 
atom and a carbon atom of an organic radical 
In an organic polysulfide, 

30 Due to the iriativery weak attachment of 
sulfur atoms which arc bonded only by 
secondary valency bonds, such sulfur is more 



>c-a-a-oC 



> 



readily given up by the mofeculej i,e., is more 
reactive chemically, than sulfur which is 
bonded to a carbon atom of an organic radical 33 
The very fact that such -sulfur is chemically 
reactive facilitates its Hwwmjnatfan, Foe ex- 
ample, a test sample of the organic pdysnlSde 
may be treated with reagents which are known 
to react with and thus to remove reactive ail- 40 
fur such as; e.g., warm aqueous Botutiong of 
caustic alkali, warm aqueous solutions of 
metallic moncsulfides, and finely divided 
metals such as copper, lead, iron, and silver. 
The loss in sulfur content of die test sample 45 
of organic polysulfide after such treatment cor- 
responds to the amount of reactive sulfur 
originally present; le„, that sulfur which is 
bonded only by secondary valency bonds. 

Tons it is possible to characterize an organic 50 
polysulfide boih by its content of (a) «' total 
sulfur "j Lc, sulfur in all forms, and (b) sulfur 
bonded only by secondary valency bonds.. The 
discovery that certain critical amounts of the 
kind of sulfur indicated in (b) most be present 55 
in our lubricants constitutes one of the 
principal features of our invention. 

The following partial structures illustrate 
some of the many arrangements which sulfur 
atoms can assume in organic polysul£des. In 60 
each of these partial structures the presence of 
an asterisk next to a sulfur atom indicates that 
such sulfur atom is held in the molecule by 
secondary valency bonds only: 



5o4-c? 


$C-S-0-3-C< 


1 


U ■ 




Bo-A~cS 




•3o-s-|-|-o£. 


>-< 


"30— s-c-s-|-s-c< 
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From, a study of die structures given above, 
it wiU he -apparent that orgai^poJyOTffides of 
' like raokpular weight and containing- the same 
5 "percentages of cheracaj elements may possess 
• widely different anwunts of reactive suttur de- 
fending on the mdde of attaichment of the sal- 
"fur atoms witiia the molecule. Those struc- 
tures which possess the largest number of sul- 
.10 fur atoms hooded only by secondary valency 
bonds .will possess the highest percentage of 



50 



. es of organic, polysulfides 

h contain at least .one aurEnr atom bonded 

15 only by secondary valency bonds and winch 
•at£ useful as -Component B in lubricants of 
this" invention are, for example : 

W-benzyl trisulfide " 
• Birbenzyl tetrtsulfide 
: 20 . . $i-benzyl- polysnltMes containing an 
-average of 4j$ sulfur atoms per mole-. 
' cole 




..30 Turpentine polysulfides' containing an 
. average of 2.6 sulfur atoms per molecufe. . 
The. preparation of materials useful as Com- 
ponent £ may be aaranplished by any of the 
many different processes which art known and 
35 disclosed in -the art including, for example, 
• the reaction" of halogen-bearing organic com- 
: pounds with alkali metal polysulfides, the rc- 
' action -of inercaptans- with sulfur and/or sulfur 
; ha&des, the reaction of saturated and unsatur- 
40 ated hydrocarbons with sulfur and/or sulfur 
- hahdes,. and , the reaction of organic monosul- 
fide* TOth sulfur.' ■ • - 

AUSTLIAES' IMFROVIN& AfiENTS 
As previously indicated, there may also he 
45 prese nt hi our. lubricants certain' suxOiaty im- 
proving agents such as, for example, de- 
■ .tergentSi rust-preventatives, ' fil- 



agents such as halogebated • 

oEinesa agents such as fattj . .. _, 

fatty oils, pour point depressors, team m1nh£ 
tors, viscosity index i mpr ove rs, oxidation in- 
hibitors, and- odor' improvers, mcroded -among 
the many materials useful for these various 
purposes ai^ the followingt ' * ' •' 

. Detergents such as metal; salts of petroleum 55 
naphmenic adds, petroleum sulfonic adds, and 
the higher fatty acids; rust>prqventauVcs such . 
as basic - metal petroleum sulfonates, metal • 
phencJates,' otrganic amines, and benzyl "rhioy 
cyanate; film strength, agents such- as chimin- ^ 
atcd paraffin waxes corrtairdngfrom^txir.yOJi" 
chlorine, .chlorinated eicosane <xotiumug"frora 
50 to ■ fiO^.^Morine, hexachlor^dilphenyl 
ether, and pdy<±lorobiphenyl; oiliness agents . 
such as olem, methyl cXeate, oleic; acid, sulfur-- 65 
ized and non-^ulfurlzed sperm oil, and com - 
oil; pour point .depressors such ./Rs wax- ' 
'alkylated naphthalene or phenantbrene; foam ." 
inhibitors such as the polymeric dfcalkyl --sili- . 
cones; and viscosity index improvers such 7 as 70 
polymerized and cc^pciymerized alkyl metha- . 
cryiates, and pciymerwed buryleaes. ■ ' 

It is understood^ "however, mat the use. of - 
any of such auxiliary agents is" optional and ' 
not required in our lubricants to prevent the 75 
def ormation of gear surfaces; -' 

Thb Ott Base . .. 
The lubricating oil base in which the char- - 
acterizing Components. A. and B of this inven- "." 
don and any desired auxiliary agents- are hi- 80 
cdrporated may be of synthetic^ vegetable, 
animal, or mineral origin. Because of- their 
low cost, ' availability, and desnrabiaty,- the 



5 t 



cn petrpl- 
l in the 



euro, find the widest application 
lubricant art. 

There are at the present time sundry n 
eral ofls/feach best suited from the star J - 
of viscosity- and other properties for d 
climates and operating rnvrronmems." The oil 90' 
base of a lubricating aarmositip 11 of the pre- 
sent invention .wiff preferably.. <3tapdse a 
mineral lubricating cal having characteristics 
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now well recognized as best suited for such actual upper limit of preferred viscosity index 

envneoment and climate. is infinite far most uses. The values given in 

la Table I Mowing, the characteristics -j£ tie table for viscosity index represent current 

mineral lubricating oils best suited for a given commercial maximnm values, 
S environment and dlruatc are disclosed. The 



Application .in: . 



Type of d 



Arctic: 
Preferred viscosity range 1 
Hash, point preferably 



Pour 



pointy 



Preferred viscosity range 1 

Flash point preferably 
no lower than 

Pour p 



Preferred viscosity range 1 

Hash point preferably 
no lower than 

Four point preferably 
no lower than 



for all rftmittwi (Dean and 
Davis scale) 



30 — 80/210° F. 
300° F. 
-30° F. 

50— 140/210° F. 
325° F. 
Q°F. 

80—200/210° F. 
350° F, 
20" F. 

75—150 



30— 1000/210° F. 
300° F. 
10° F. 

50—2000/210° F. 
325° F. 
20° F, 

80—2000/210° F. 
325° F. 
30° F. 

35—120 



1 Expressed in Saybolt Universal seconds at the indicated temperature. 



Lubricants and Lubricant Improving 



As indicated previously, a number of hypoid 
gear lubricants representative of the several 

13 fundamental types which are commercially 
available were first investigated to deteirmne 
their effectiveness in preventing deformation 
of gear surfaces in an operating environment 
characterized by severe " shock " loads at high 

20 speeds and high torque loads at rektivdy 
lower speeds. 

Full-scale performance tests, i-e., tests using 
standard automotive equipment, employed in 
this connection included the United States 

25 Army Ordnance AXS-1569 high speed and 



AXS-1570 high torque tests and, 
a new severe shock test using a 
" Buick " passenger car equipped with a 
torque- converter transmission of the "Dyna- 
flow " variety. ( a Buick " is a registered trade 30 

The latter test, termed for convenience the 
" Buick Shock Test," is one cf almost unbe- 
lievable severity. It is carried out in the 
laboratory by mounting the rear drive wheels 35 
of the car on a heavy shaft which is free to 
revolve and which is designed to annulate the 
inertia of the car on a level highway. Although 
the test could conceivably be conducted on the 



speeded hi its piccedure would make such * 
course extremely hazardous. •. 

g put the test, the rear coda of the 
*e specified - level wife the 
. " uraum icot muiiMtnt and the cat is run foe die 
equivalent of 19 miles at 40—50 mpJbu id 
break in the new gears. The car is then 
accelerated from 0 to 70 mp\h, and deceler- 
• aijed to 0 mpi. with the transnusaonm drive 
10 position. If no unusual noise h detected in 
the .rear axle, the cat is subjected to a high 
speed, evaluation comprising 10 cycles- of 
. acceleration and decele r a tio n, 0 to 70 to 0 
ntpji,, with rite transmission in drive position. 
15 Next, for the shock portion of the test, die 
- car brakes are applied, the tbroflie opened with 
the transmission in lowposition, and the brakes 
released suddenly. "When the car reaches 30 
nLjpii. the transmission is shifted to die drive 
20 position and acceleration: is continued to 75 
mph. The throttle is then dosed and the car 
is decelerated to 65 nKpi., at which speed the 
transmission is sifted abruptly totheiiwr posi- 
tion- From the preceding' description, it is 
25 apparent to one familiar with automotive 
equipment that shock loads of extreme severity 



30 



35 



are. placed- upon the coast and drive -surfaces 
of the Jiypoid gear teeth. " 

After- the shock portion of rite test is com- 
pleted, me high speed evamauon described 
eaite andccOTjprMing 10 cydes-of acceleration 
and deceleration is repeated. 

The car is stopped and the- pinion and ting 
gears are removed and inspected for evidence 
of deformation such as rippling, ridging, 
spalling, and scoring. These terms define cer- 
tain specific kinds of deformation which are 
ieadhy distinguished from each other by 
trained mechanics, H such inspection shows 
the gear teeth to be free from daornstion> the 40 
lubricant is said to have passed the test 

Table H includes the results obtained on 
commercially available hypcdcl gear lubricants 
in the three fall-scale tests which have been 
described. The lubricants are defined by 45 
chemical type in teems which are familiar to 
those in the lubricant art It will be noted 
that none of the lubricants gave satisfactory 
performance in all of the testa, even though 
several satisfied the leas rigorous requirements 50 
of the two well-known Army Ordnance tests. 







Test Result 




Type of lubricant 


Bnick - 
Shock 


High Speed 
AXS— 1569 


High Torque 
A?S— 1570 


Lead soap-corrosive sulfur 


Pass - 


■Pass 


.Fail 


Chlorine-mild sulfur- 
phosphorus (regular duty) 


Fail 


Pass 


Pass 


Chlorine-mild sulfur- 
phosphorus (heavy duty) 


Fail 


Pass 


Pass 


Chlorine-mild sulfur 


Fail 


' Pass 


Fail 


Fixed oil-mild sulfur 


Fas 


Pass 


' Fail 



These results point to the critical situation 
- which preceded die present- discovery; viz., 
55 that no hypoid gear lubricant was available 
which would. withstand both the rigor* of 
■shock loads at high speeds and h i gh torque 
loads- at relatively tower speed*. 
As -sktiid- hereinbefore, lubricants capable 
60 of giving satisfactory performance under these 
extremes of operating conditions can fas made 
by 'mewporating therein certain critical pro- 
. - . portions pf two- characterizing components; 
' viz., (A) an c^-soluble phospharcdithioic add 
65 dtester derivative of the. type" described, and 
(B). an oil-soluble organic pclysuhide of the 
type" describe having at least one sulfur atom 
• bonded onlyhy seomdary valency bonds; 
Table rm- includes "test , data on many 

70 



iponents A and B of the present invention in 
amounts which either come withm-or fall- out- 
side" of the ranges foimdtO/becrMcal for each. 
. The tests .employed were the Buick Shock 
test, the Army - Ordnance AXS-1570 high • 
torque test, and -the SAB' Extreme-Pressure 
Lubricant tost at 100O r.p.m.'. Army Ordnance 
test- AXS- 1569 was cot -employed in these 
studies since it had been determined that- any 
lubricant which passed the .Buick- Shock test, 
which .test includes & high speed evaluation, 
would always pa© the- less severe AX5-1569 
test. 

The SAB Extreme-Pressure Lubricant test 
kduded.hi Table III is a test which is wdl- 
known in the lubricant art. It' is carried out 
on the SAB Lubricant machine in the manner, 
set forth in J, lust. Petroleum, April 1946, 
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Additional examples of lubricants containing The numerical values in parentheses, eg., 

additives of the invention are disclosed in (0.37% P) and 0.5% sec 5), foSWing the 

Table IV. These ace presented for purposes characterizing Components A and B indicate, 

of mustration only and are not to be con- respectively;, the .percent ' 

snued as limiting the scope of tins invention, cent sulfur bonded only 

particularly with respect to the inclusion of * 
optional auxiliary improving agents such as, 
* ^ ofljn^gg agents, and foam in- 




Lubricant 
No. 


Weight 






16 


89.17 


SAE 90 gear tabricta 


it 






4.4 


zinc 0 3 OH3i-(4-rflediyl-2-pentyl)pliOBphorodi- 
thioate (0,42% F) 






2.73 


di-benzyl polysulfides 
of 4.6 sulfur atom 
sec. S) 


containing an average 
j per molecule (0.68% 






0.4 










3.3 


chlorinated eicosane < 


amtakang 50% chlorine 




17 


87.57 


SAB 90 gear lubricai 


t 






4.4 


zinc 0,O-di-(4-methyl-2-pentyl) phosphorodi- 
thioate (0.42% P) 






2.73 


di-benzyl polysuffides 
of 4.6 sulfur atom- 
sea S) 


per^molecifie (0.68% 






2.0 


sulfnrized sperm oil 








33 


chlorinated eicosane c 


■onteining 50% chlorine 




18 


90.3 


SAB 90 gear lubricai 


it 






5,5 








3.7 


di-phencthyl tetrasulf 


de (0.7% sec. S) 






0.5 


basic calcium petrolei 







20 _ It is common practice in the lubricant addi- adjusted within the concentrate by the mano- 

tive industry to provide a liquid, homogeneous factorer. Then in preparing the finished 

improving agent cencentrate containing high lubricant, a single addition of only one con- 35 

percentages of one or more separate improving cenmte need be made to the oil base to im- 

agents and, optionally, a proportion of a min- part thereto the desired improving agents in 

25 era! oil, preferably one of low viscosity. Such predetermined relative proportions. 

concentrates dissolve readily in lubricating oil Concentrates intended for compounding 

bases and minimize the problem* associated with an oil base to yield lubricants^ the pre- 40 

with h andling , storage, and transportation, sent invention whl always contain the two 

A furthe r benefit in cases where two or more previously identified characterizing Compon- 

30 separate improving agents are to be incorpor- eats A and B and optionally; 

ated in the oil base is that the relative proper- (1) certain desired auxiliary improving 

nons of the several improving agents can be agents; and 45 
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• -„ <2) a.prqpottion, gefflra%fi^ claims 1-^-4 in "which 
; to.abour70% by -weight based on. the total of a dwilkyleBter of p_ 

concentrate, of a tow-^Iseosity- mineral oVt . the mdecmair structure 
Dgseniaiag on the particular Components A scot a subsuint]" ' 
5. and Bemiployed, the presence of auxiliary im- aBcyl tadicals i 
:' greying, agents, and, in some instances, tins Jaioms, and.(b) j 

■ presence of mineral oil- in tbe concentrate; tie . rhan & carbon a. 

amount thereof required to import to lie 6. A compositjon.es claimed iu any one of ■ 
.. lubricant toe necessary percent phosphorus claims l-r-4 m which Cknnjpoiicrit A h a poly- 
10 ' and' percent sulfur bonded only, by secondary valent-metal salt of a phospnorcwlittf rfc add - 
valency; bonds will vary considerably -within di-ester. .70 
the Hmita stated. Generally an amount of the . ■ 7. A compueWctn -as claimed in pJatefiM- 
concentrate- : equal to from, about 3.5%" by; which the metal is a heavy metal having an 
.. about 15% based on tbe weight of the total atomic might greater than.50* . . - 
13 lubricant will be suitable. - 8. A composition as claimed in dam 7'in - 

- WBATWB CLAIM IS: •. which the metal is -Sine. -75 

L A ot^^ Mninwip 9. A compositiqn as daimed in : any-onfe of ':-" 

• - J& J?.i v r J 88 ™ 05 * rf * R? M " daJms 1—4 in which Component A is a ofcos- 

pnoromtMoic add diester selected from- phoroditiiioic addtri-estcrin which o^ of the- - 
20 ' ptosphorodithMc add triesters, metal salts -ester radicals contains an inorganic subv ■■ . 

■ of- phospbcttcdrdiioic. add ujespers, bis- stituent 80 
• ^pnosplm^odMHoie .add) tfiteaeaterv and- 10. A composition as claimed in daim.9 in 

■ phosphorodirhioic . acid " diester .. thioaniy- . ■'■ which Component A is- a. ph&pbcOTdidtioip. . ; - - ' 

• - dr ^ i ^ _« • - ■ ^ in*®*** 11 - which one c/ftc estier rar5cals ' ' 
25 (B) an 'ofl-sohmlc turpentine or m- ^ an inorganic substituted alibhatkr radical 

(ara%l).poly8uIfide each molecule of which : . 11> A composition as daimedih claim 10ih 85 
. has at least one sulfur, atonibohded only , by which Component :A is'a phosphoioaimioic - 
. ,,sccoimary .vaIency bonds; - •' '. add tri'-estta: in winch one of the ester tadicals" .. 

-^coropo^ts : A.a^3bemgp3«saitm rda r is s. hydro^-subsnttjtcd ahpnadcTadicaL -- 
30 live proportions such that" a solution, coo tain 1 - . ■ f2. A composition as claimed in claim 11, . 

rag" from" :3.5- to 15 weight per cent of a. in which Component A is a pho^oro4uhuHc 90 
■ " nurture of :thctwo components contains - . acid tri-£Btei in which one of the ester .radicals 
- (j)' fronvO^O to 0:75- weight per cent.o| J is a inpnc^ydmaySl^l raoaaL '- 
' - : ' '." phosphorus} and - ■ . ■- . 13. -A composite as dahrtedm-an* one of" 1 

35 . m Trnto._0.25 to- 1,0 weight pet cent of claims. 1—4 in which Ccjimponent A w a bia- 

. chemically combined sulfas bonded only by (di-afliyj .phosphornditMoate). ' '■' . -95 

secondary valency bonds. '.- 24; A oomposrdonas claimed in any one of - 

-. 2. A ccmpoaitiQn as daimed' in cfaim 1,' daims 1-^3 m which Component^ contains. L " 
/ . m which component? A and B are present in ' at least 2 .and not more than 7 sulfur- atoms. - 
40 - such, pitopiirdons-.tbat .9. solution containing- ■/ ..15. A composition as claimed radaim'Itfm.- - 
fcom-35-to. 15'-wdj^it per cent T of a mixture which ■ Component B contains at least 3 and jon 
. of '.the two-components contains not more than 6 sulfur atoms. 

.; ©from. 0.3 «> 0.5 wdght per cent of 16. A composition as claimed in any one" of 
. pfmspborns; and daims 1— 15 in which Qmrnonent B is di-. 

45 :(ii>from 0.5 m. 0.9 weight per cent of benzyl pdysuffide, 

- djenricaliy combined sulfur bended only by .. 17. A composid&n as claimed in.clslnrie in. 103 
.se^dary valency, bonds.. * = which OmiponenCBBarnneddi-ben^I.pdy- - - - 

..- 3. A'wm^iositicn. a&<Mmed mtiami 1 
in which the rektirepropordon of phosphorus sulfur atoms. 
- 50 ■ to ;sulfnir which is bonded only by secondary . 18. A composition as claimed in dahk 16 or . '. 
vahaicy bonds is wirbin the range of from' 17 in which Cbmporient B is a cfcledne-sub-- -110- 
about 1:1 to about 1:2. . Btituted dUxsnayj pojysolflde. '- . ' " "?•- 

4. A^.contpoaitbn ns claimed in any one of 19. A composition as daimed-in cdaim-l ( m . 



claims 1—3 in which QMnponcnt A is a de- wMch Cc^npoaents A ai - 

55: rmtive of a di-e%l- estor -of phosphorodi- those ^ forth in die descrh^ve part of "the 
thioic add in which one aibjd group contains specification, -":.--•-" 115 



at least 6 carbon -atoms - and the other alkyi D. yOUKG & CG., 

group contains fewer than 6 carbon atoms. 10 Staple Inn, London, WJC.L|- : 

5. A cornposhiait as-clatnjed.in. any one of Agents for the Applicants-. :• - 

leamingtaa Spit Printed for ttex Majesty's Stationery Office, by Cie Conner Press.— 195B. 
Pnhliibed at T£ib Fitent Office, .25, SOTamBptan Bunding*, London, from which ' : 

.-".""".'',.- copies nlay be .obtained. - .' .""'"-' 



